The following types of discrete item responses are distinguished : nominal-dichotomous, ordinal-dichotomous, nominal-polytomous, and ordinal-polytomous. Bock (1972) presented a model for nominal-polytomous item responses that, when applied to dichotomous responses, yields Birnbaum's (1968) two-parameter logistic model. Applying Bock's model to ordinal-polytomous items leads to a conceptual problem. The ordinal nature of the response variable must be preserved; this can be achieved using three different methods. A number of existing models are derived using these three methods. The structure of these models is similar, but they differ in the interpretation and qualities of their parameters. Information, parameter invariance, log-odds differences invariance, and model violation also are discussed. Information and parameter invariance of dichotomous item response theory (nt'r) also apply to polytomous IRT Models for polytomous items are presented here. The discussion is restricted to models for items that t measure one continuous latent variable (i.e., unidimensional latent trait models). Only models with para-I metric item response functions are considered, which excludes nonparametric models such as Molenaar's ( (1982) generalization of Mokken's (1970) Bock (1972) set the sums of the within-item parameters equal to 0. For convenience here, the parameters of the first category of each item are set equal to 0; that is, a,l = b,, = 0, <-=1,2,...,~, (2) where n is the number of items. Ordinal-Polytomous Item Responses Bock's (1972) model for nominal item responses also can be used to construct models for ordinal item responses. However, the ordinal nature of the response categories must be preserved. For oD responses, the application is straightforward. The highest category (e.g., the correct answer) is the second category (k = 2) and the lowest category (e.g., the incorrect answer) is the first (k = 1 ) category. The result is:
where a, = a,2 and b, = -b,2/a,. Equation 5 is equivalent to Birnbaum's (1968) two-parameter logistic model (2PLM).
For dichotomous items, Bock's (1972) The order of the response categories is preserved by using contiguous categories or groups of catego-:-ries. This is achieved by using one of three types of methods to split the OP response variable into dichoto-I mies (Agresti, 1990, sec. 9.3), which yields the following types of models: (1) adjacent-category models,
I
(2) cumulative probability models, and (3) continuation-ratio models. The forms of the models are compa-, rable, but the interpretation of the parameters is very different (Molenaar, 1983) . For OD items, the differ-j ences between the three types of models disappear and the interpretational complexity of the parametersi does not exist. In adjacent-category models, the K categories of the ordinal response variable are split using (K -1) adjacent categories. Figure 2 shows a four-category ordinal variable split into three adjacent category pairs. The three dichotomies are formed using contiguous categories; thus, the ordinal nature of the four categories is preserved.
A general, adjacent-category model is obtained by applying Bock's (1972) model (Equations 1 and 2) to the log odds of the adjacent kth and (k + 1)th categories, 
(10) Combining Equations 9 and 10 yields Muraki's (1992) ln(~,Jk+1/~rJk)= bi +a'9J, k=1,2,...,K-1.
(11) Combining Equations 9 and 11 yields Andrich's (1978) rating scale partial credit model. Cumulative Probability Models
For cumulative probability models, the K categories of the ordinal variable are split into (K-1 ) cumulative probabilities. Figure 3 shows a four-category ordered variable split into three cumulative probabilities. The ordinal nature of the variable is preserved by using contiguous groups of categories.
The upward cumulative probabilities are defined as: (Samejima, 1972) , which is not a cumulative probability model. In the heterogeneous case of Samejima's graded response model, the category slope parameters need not be equal within an item. Combining Equations 9 and 14 yields Muraki's ( 1990) rating scale version of Samejima's model.
Continuation-Ratio Models
The third way of preserving the ordinal nature of the response variable is splitting the K categories into (K-1) continuation ratios. The three continuation ratios for a four-category ordered variable are given in Figure 4 . The ordinal nature of the variable is preserved by using one contiguous category and a group of categories. I is the intercept and the a parameter is the slope of the linear model for the log odds; however, the odds are defined differently for the three types of models. In adjacent-category models the odds of the (k + 1 )th and the kth category are used; in cumulative probability models the last (K -k) categories and the first k categories are collapsed, and the odds of the combined last (K -k) categories and the combined first k categories are used; and in continuation-ratio models the last (K-k) categories are collapsed and the odds of the combined last (K -k) categories and the kth category are used.
The log odds is 0 for the three type of models at the point at which the straight lines intersect the 0 axis. Therefore, the intersection can be interpreted as a boundary, but the interpretation differs between the three types of models. In adjacent-category models the intersection point is the value of 0 at which the probability of responding to the (k+ l)th category equals the probability of responding to the kth category; thus, the intersection point is the boundary between the given (k + 1 )th and kth category. In cumulative probability models, the intersection is the value of 0 at which the probability of responding to the (K -k) highest categories equals the probability of responding to the k lowest categories. It is the boundary between the collapsed (K -k) highest categories and the collapsed k lowest categories. In continuation-ratio models, the intersection is the value of 0 at which the probability of responding to the (K -k) highest categories equals the probability of responding to the kth category. It is the boundary between the given collapsed (K -k) highest categories and the kth category.
The cumulative probability models differ in two respects from the adjacent-category and continuationratio models. First, the use of cumulative probabilities implies that slope parameters of different categories within an item must be constrained to be equal (see Equation 14) . Although it may be of no practical use, theoretically it is not necessary to constrain within-item slope parameters in the other two types of models.
A second difference between cumulative probability models and the other two types of models concerns the boundaries. Suppose that person j's 0 is at the boundary where the kth line intersects the 0 axis.
For the cumulative probability model, using Equation 14 it follows that 1-i*k = i*k, and using Equation 12 it follows that (1 -'t~k+) ~ 't~k+)' Thus, for the jth person and (k + l)th category, Equation 14 is equal to or smaller than 0. Therefore, the (k + 1 )th straight line coincides or is to the right of the kth line (see Figure 5) . Therefore, in cumulative probability models the boundaries are in the same order as the item categories.
Using the adjacent-category model (Equation 6 ), it follows that at the boundary i,~k+, -which does not imply anything about the relationship between i,~k+2 and i,~k+,. At the boundary, the (k+ l)th line can be to the left or to the right of the kth line. Using the continuation-ratio model (Equation 15 ), it follows that at the boundary 1 -T* = i,~k, which does not imply anything about the relationship between 1-i k+, and i,~k+,.
At the boundary, the (k + 1 )th line can be to the left or to the right of the kth line. Therefore, in adjacentcategory and continuation-ratio models the boundaries are not necessarily ordered in the same way as the item categories. All three types of models preserve the ordinal nature of the response variable, but only cumulative probability models yield ordered boundaries. The adjacent-category models differ in the following respect from the other two types of models. In adjacent-category models, Bock's (1972) model (Equations 1 and 2) is applied directly to two adjacent categories. In the other two types of models, the categories must be collapsed. Therefore, Bock' s model is applied to newly defined probabilities.
For dichotomous items, where K = 2, the differences between the three types of models disappear. The models in Equations 6, 14, and 15 reduce to Birnbaum's (1968) 2PLM (Equation 5). In dichotomous IRT models the concept of information is used to assess measurement precision. Information is defined as the inverse of the variance of the maximum likelihood estimate, 6, at 0 (see, e.g., Hambleton & Swaminathan, 1985, sec. 5.4 ). This definition of information also can be applied to the polytomous item response models given in Equations 3, 6, 14, 15, and their special cases. In Birnbaum's (1968) 2PLM (Equation 5) for dichotomous items, the a and b parameters are specific to the item and do not depend on the person; in this sense the item parameters are person invariant. The 0 parameter is specific for the person and does not depend on the item; in this sense the person parameter is item invariant. These properties also apply to the parameters of polytomous item response models (Equations 3, 6, 14, 15, and their special cases). The a and b parameters are specific for the item and are person invariant, and the 0 parameter is specific for the person and is item invariant.
The Rasch (1960) (Fischer, 1987, p. 567 ). This concept can be generalized for nominal item responses, but also can be similarly generalized for adjacent-category, cumulative probability, and continuation-ratio models. If, in Equation 3, the a parameters are constrained to be equal between items (i.e., a,k= ak), the logodds differences of two different persons, j and j', are ln(~,~~ ~~,~i ) -ln(~~~,k ~~,~,1 ) = ak (9~ -eu' k = 2~ 3~ ..., K, (Oort, 1992 
